Spatial Analysis of the Groundwater Quality in the Peshawar District, Pakistan  by Adnan, S. & Iqbal, J.
 Procedia Engineering  70 ( 2014 )  14 – 22 
Available online at www.sciencedirect.com
1877-7058 © 2013 The Authors. Published by Elsevier Ltd. 











































4A 478DH4G8 FHCC?L B9 ;84?G;L 4A7 6?84A 7E<A><A: J4G8E G;8 
 :EBHA7J4G8E E86BHEF8F @HFG 58 64E89H??L
78I8?BC874A7@4A4:87  ?8<6>
04G8E <F4A8FF8AG<4?8?8@8AG 9BE G;8 FHEI<I4?B94?? ?<98
.A9BEGHA4G8?L











© 2013 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the CCWI2013 Committee
Open access under CC BY-NC-ND license. 
Open access under CC BY-NC-ND license. 
15 S. Adnan and J. Iqbal /  Procedia Engineering  70 ( 2014 )  14 – 22 
:EBJG;HE54A<M4G<BA4A7HAFHFG4<A45?8J4G8E6BAFH@CG<BACE46G<68F<AG;84:E<6H?GHE4?4A7<A7HFGE<4?F86GBEF;4I8
C?4687 <@@8AF8 FGE8FF BA G;8 DH4?<GL 4F J8?? 4F DH4AG<GL B9 J4G8E E8FBHE68F <A G;8 6BHAGEL
 )4><FG4A <F 4A




58 F4<7 G;4G :EBHA7J4G8E ;4FC?4L87 4I8EL F<:A<9<64AG EB?8 <A G;8 86BAB@<678I8?BC@8AG B9)4><FG4A
?? G;8F8
9HA6G<BA4?<G<8F B9 :EBHA7J4G8E <A6E84F8 <GF <@CBEG4A68 9BE BHE FB6<8GL 4A7 FGE8FF BA G;8 A887 9BE CE8I8AG<I8
@84FHE8F

 EBHA7J4G8E E8FBHE68F 4E8 B9 ;<:; 78C8A78A68 7H8 GB <GF HF8F 9BE 4?? CHECBF8F FG4EG<A: 9EB@ 7B@8FG<6
4:E<6H?GHE4? <A7HFGE<4? 4A7 6B@@8E6<4?
 -;<F ;<:; 78C8A78A68 E8FH?G87 <A <A6E84F<A: CE8FFHE8F BA 4I4<?45?8
:EBHA7J4G8E E8FBHE68F <A G8E@F B9 DH4AG<GL 4A7 DH4?<GL
 -;8 ;<:; J<G;7E4J4? 9BE <A7HFGE<4? 4A7 4:E<6H?GHE4?
46G<I<G<8F G;4G E8?4G87 GB <A6E84F8 <A CBCH?4G<BA 4A7 ?BJ E86;4E:8 E87H687 G;8 4@BHAG B9 4I4<?45?8 :EBHA7J4G8E
J;<6; 6BAGE<5HG8F F<:A<9<64AG?L GB G;8 78G8E<BE4G<BA <A :EBHA7J4G8E DH4?<GL )<F6BCB 
  EBHA7J4G8E
IH?A8E45<?<GL GB CB??HG<BA <F G;8 G8A78A6L 4A7 ?<>8?<;BB7 9BE :8A8E4? 6BAG4@<A4AGF GB E846; G;8J4G8E G45?8 49G8E




C4FF87F<A68 G;8J4G8E 98?? 4F E4<A <A9<?GE4G87 G;EBH:; G;8FB<? E846;87 G;8J4G8E G45?84A758:4A 9?BJ<A: GB <GF
CE8F8AG ?B64G<BA )E<BE 8G 4?
 
 "A 4AL :<I8A 4E84 G;8 :EBHA7J4G8EJ<G;<A 4A 4DH<98E BE G;8 :EBHA7J4G8E
CEB7H6875L4J8??;4FFB@8IH?A8E45<?<GLGB6BAG4@<A4G<BA9EB@;H@4A46G<I<G<8F
,B"A9BE@4G<BA45BHGDH4?<GL
B9 :EBHA7J4G8E GB 6BAG4@<A4G<BA <F 8FF8AG<4? GB 946<?<G4G8 :EBHA7J4G8E C?4AA<A: 4A7@4A4:8@8AG
 77<G<BA4??L






FBHE68F J8E8 9BHA7 GB 58 FHCC?L<A: F498 7E<A><A: J4G8E
 -;8L ;4I8 4A4?LM87 G;4G  B9 G;8 F4@C?8F J8E8
@<6EB5<B?B:<64??L 6BAG4@<A4G87 4A7  B9 G;8 ,4@C?8F J8E8 9BHA7 6BAG4@<A4G87 J<G; 












-B 4FF8FF G;8 B5=86G<I8F G;8E8 4E8 4 AH@58E B9 4CCEB46;8F 78I8?BC87 5L G;8 F6<8AG<FGF 4A7 J4G8E E8FBHE68F
@4A4:8EF
'4G<BA4?+8F84E6;BHA6<? ;4F 6?4FF<9<87 G;8:EBHA7J4G8EIH?A8E45<?<GL GBCB??HG<BA <AGB G;E88
64G8:BE<8F FH6; 4F CEB68FF 54F87 F<@H?4G<BA@B78?F FG4G<FG<64?@8G;B7F 4A7 BI8E?4L 4A7 <A78K@8G;B7
 "A G;<F

































J8E8 4A4?LM87 <A ?45BE4GBEL 9BE 7<998E8AG C;LF<B6;8@<64? C4E4@8G8E FH6; 4F C! ?86GE<6 BA7H6G<I<GL -BG4?
















  	 
 !!






C4E4@8G8EFQ <A G;8 "AFG<GHG8 B9 AI<EBA@8AG4? ,6<8A68F 4A7 A:<A88E<A: '4G<BA4? .A<I8EF<GL B9 ,6<8A68F 4A7
-86;AB?B:L AI<EBA@8AG4? ;8@<FGEL ?45BE4GBEL






































,G4G<FG<64? 6BEE8?4G<BAJ4F 9BHA758GJ88A4??C;LF<B6;8@<64?C4E4@8G8EF -45?8








J4F 4?FB 9BHA7 58GJ88A;?BE<78 4A7&4:A8F<H@









































	   

 -
!4E7A8FF @:%   



















18   S. Adnan and J. Iqbal /  Procedia Engineering  70 ( 2014 )  14 – 22 
-45?8
,G4G<FG<64?BEE8?4G<BA58GJ88AC;LF<B6;8@<64?C4E4@8G8EF



































































-;8 E8FH?GF B9 ?45BE4GBEL 4A4?LF<F J8E8 <@CBEG87 <A E6 ", 4A7 "AI8EF8 <FG4A68 J8<:;G87 ;4A: 
G86;A<DH8J4F HF87 9BE <AG8ECB?4G<BA 4A7@4CC<A: <:HE8  GB 
 -;8 ?45 4A4?LF<F B9 :EBHA7J4G8E F4@C?8F





















!4E7A8FF?4>4?<A<GL4A7;?BE<78J8E8 9BHA7 GB586BA68AGE4G87 <A G;8ABEG;8EA4E84F #B:4A< <A G;884FG8EA
4E84F047C4:4&8;?-;8E4<'B;4@>4A<4A7,HE<M4<84A7<AG;8FBHG;8EA4E84FA84E&4GG4A<
0;<?8A<GE4G8
 C!J8E8 9BHA7 GB 58 6BA68AGE4G87 <A G;8 ,BHG;	4FG .E@4E 4A7&4EL4@M4< 4A7 ,BHG;	08FG 4E84F 6;A<
54?4





54?44A7&4?4>4A78E84E84FJ8E8 9BHA7 GB58F4984A7 G;8,BHG;	4FG ,HE<M<&8;?-;8E<4A7047C4:44E84F
J8E89BHA7GB58HAF4989BE7E<A><A:CHECBF8F



























































FC4G<4? C4GG8EAF 7<FGE<5HG<BAF GE8A7F CEB68FF8F 4A7 E8?4G<BAF;<CF
 ,6BGG 4A7 8G<F 







































































  ! 
(I8E  J4G8E F4@C?8F J8E8 6B??86G87 9EB@ 9<8?7 4A7 J8E8 4A4?LM87 <A ?45BE4GBEL GB 78G8E@<A8 G;8
C;LF<B6;8@<64?CEBC8EG<8F
,C4G<4?<FGE<5HG<BAJ4G8EDH4?<GL@4CF4A7<E86G<BA4?GE8A7FJ8E878G8E@<A87HF<A:
















22   S. Adnan and J. Iqbal /  Procedia Engineering  70 ( 2014 )  14 – 22 















































  EBHA7J4G8E IH?A8E45<?<GL @4C 8KC?4A4GBEL ABG8F 4FG?8E84:; 4G6;@8AG ',0


















 "BJ4RF:EBHA7J4G8E54F<6F:8B?B:<64?:H<78 GB G;8
B66HEE8A68HF8 4A7IH?A8E45<?<GLB9 "BJ4RF 4DH<98EF
 "A "BJ4 8B?B:<64?,HEI8L7H64G<BA4?,8E<8F/B?















@8G;B7B?B:L 9BE G;8 J4G8E 9E4@8JBE> 7<E86G<I8
 )EB=86G E8CBEG 6B78 0  ,8CG8@58E  7<A5HE:;
 -B77 
 $
 

 EBHA7J4G8E;L7EB?B:LA787

'8J2BE>'20<?8L

-B77$


 EBHA7J4G8E;L7EB?B:L
A787
'8J2BE>#B;A0<?8L4A7,BAF





























